The Irish Study of High Density Schizophrenia Families (ISHDSF) contains 1408 individuals in 265 pedi-
In our genome scan for schizophrenia genes in 265 Irish
grees systematically ascertained from psychiatric pedigrees, marker D5S818 in 5q22 produced the second facilities in Ireland and Northern Ireland. In previous best result of the first 223 markers tested (P = 0.002). We then tested an additional 13 markers and the evidence studies with these families we have found modest supsuggests the presence of a vulnerability locus for port for two loci influencing the vulnerability to schizophrenia in region 5q22-31. This region appears to schizophrenia on chromosomes 6p 4 and 8p. 20 In our This chromosomal region appears to be distinct from etiologic importance. [5] [6] [7] Several lines of evidence sugthat studied initially by Sherrington et al 23 and later gest that the mode of transmission is complex, includsummarized by McGuffin et al, 24 that is more centroing multiple, possibly interacting genes, along with meric. The most telomeric marker common to those studies, D5S39, is 17 male and 28 female cM from our genetic heterogeneity and incomplete penetrance. most centromeric marker D5S815 and is 36 male and Figure 1 shows multipoint H-LODs generated using the software GENEHUNTER 28 for the diagnostic cate-71 female cM from our multipoint peak. 25 The region reported here is also quite distant from that in Silgory D1-D2 and all four genetic models. D5S815, designated 'A', is at map position zero, and distal (telomeric) verman et al:
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2 their multipoint peak at D5S111 is 31 male and 68 female cM from our closest marker is to the right. The largest primary peak occurs with the Rec model, at about 30 cM (max 3.35, P = 0.0002), D5S815. Markers in both of these regions were negative in our sample (data not shown).
which is at marker D5S804. The model Lia peak is similar in magnitude but Dom and Pen peaks are Table 2 shows the maximum pairwise lod scores, calculated under the assumption of heterogeneity smaller and all four peaks are at about the same location. Figure 2 shows multipoint H-LODs under the (which we term H-LODs), using an admixture test 26 as implemented by the program MENDEL. 27 Four diagrecessive genetic model for the four diagnostic categories. Concordant with the pairwise results, the support nostic categories were used: D1-D2 (narrow), D1-D5 (intermediate), D1-D8 (broad), and D1-D9 (very for linkage is the greatest under D1-D2 (as in Figure 1 ), with little support under D1-D5, D1-D8 and D1-D9. broad). Under each diagnostic category, we used four genetic models:
4 dominant (Dom), additive on the pen- Figure 3 shows the nonparametric linkage (NPL) result from GENEHUNTER. For D1-D2, the curve is similar etrance scale (intermediate heterozygotic; Pen), additive on the liability scale (Lia) and recessive (Rec). For to the H-LOD curve in Figure 2 , with the peak (max 2.84, P = 0.002) at 32 cM. For D1-D8, in contrast to the most markers, under a given diagnostic category, the H-LOD scores were quite similar for all four genetic parametric H-LOD multipoint results, there is a peak (at 7 cM, max 2.72, P = 0.003) that is of similar magnimodels. The largest H-LOD score was 3.04 (P = 0.0005) with D5S393, under diagnostic category D1-D2 and the tude to the D1-D2 peak. The relative significance values of D1-D2 and D1-D8 are thus very different Lia genetic model. In marked contrast to the evidence from chromosomes 6 and 8, expanding the disease under parametric and nonparametric multipoint analyses. We see no obvious explanation for this finding. definition to D1-D5, D1-D8, or D1-D9 produced substantially smaller scores, with a number of markers The informativeness as estimated by GENEHUNTER is above 70% for the entire region (data not shown). failing to yield positive values at any recombination fraction. To determine the impact of unaffected indiBased on the parametric multipoint results, the initial target region is about 17 cM, from D5S818 to D5S500. viduals on H-LOD scores, we performed an 'affecteds only' analysis by setting the diagnosis of the unaffec-
The maximum likelihood estimate of ␣, the proportion of pedigrees linked, from the pairwise H-LOD teds to unknown. The results were similar to those shown in Table 2 for most models: for example with score calculation under heterogeneity (Table 2) for the Rec and Lia models generally ranges from 0.20 to 0.60 diagnosis D1-D2, the maximum pairwise H-LOD scores for D5S393 were for the Dom, Pen, Lia and Rec (data not shown). Based on simulation studies we think that these are likely to be overestimates. 29 Estimates of models, respectively 3.00, 3.01, 2.98, and 2.14. recessive mode of inheritance and the narrow D1-D2, interdisease category and all four genetic models. Marker D5S815 mediate (D1-D5), broad (D1-D8) and very broad (D1-D9) (designated A) is arbitrarily set at map position zero. Calcudiagnostic categories. Map orientation and markers are as lations were performed by GENEHUNTER (18) , and are in Figure 1 . expressed in LOD units. Right is distal (towards the telomere) and left is proximal (towards the centromere). Markers are designated by letters as in Table 1 .
␣ from the multipoint analysis are generally smaller and range from 0.10 to 0.25 (data not shown). These values are quite similar to those calculated for chromosomes 6 and 8. The accuracy and meaning of these estimates should be questioned, however, since the programs used do not account for either polygenicity or epistasis, both of which may be present and are likely to confound simple estimates of 'proportion linked'.
To start to address the question of the relationship between the putative loci on 6p, 8p and 5q, we tabulated the individual family multipoint maximum H-LOD scores at all three loci. For chromosome 6, the H-LOD calculation was done with Pen and D1-D8; for chromosome 8 with Dom and D1-D8; and for chromosome 5 with Rec and D1-D2. Arbitrarily taking an H-LOD cutoff of +0.5 to define 'positive', there were 28 (10% of the 265 total) families positive on two of the regions, and two families positive on all three regions. Another 103 (39%; 63 of those were from chromosome 5) were positive on one but not the other two loci. Using a cutoff of +0.3, 41 (15%) families were positive on two of the regions, and four families positive on all three regions. Another 171 (61%; 80 of these were from chromosome 5) families were positive on one but not should be noted though, that given the small family size, the presence of both type I and type II errors, and Kruglyak, 14 our uncorrected results are not 'significant' (P Ͻ 0.000049), but are 'suggestive' (P Ͻ 0.0017). possible epistasis, the LOD score is probably only a crude indicator of whether a family is actually segreWhether viewed as a prior study or as a replication, the positive findings in this region by Wildenauer 3 gating the detrimental allele(s). However, we may tentatively conclude that only a small percentage of familincrease the probability of our results being a true positive. We consider results from the most positive regions ies are likely to be segregating vulnerability allele(s) at all three of these loci.
in any single genome scan to be (at best) hypotheses which require further testing in other samples. Thus, The magnitude of the support for linkage on chromosome 5 is much less dependent on the genetic model as has occurred for putative linkages on chromosomes 22, 6 and 8, independent study of this region of chroused than we observed on chromosomes 6 and 8, where the recessive model usually produced much mosome 5q by a number of groups is essential. Our results are interesting, but far from conclusive and the weaker evidence. For the parametric linkage analyses, we know we are mis-specifying the actual mode of determination of whether 5q deserves positional cloning efforts should await independent analysis of both transmission, but we do not know to what extent or the ramifications of mis-specification. For this reason, linkage and linkage disequilibrium and then evaluation of the body of evidence as a whole. We anticipate it is premature to conclude that the putative locus on chromosome 5q is qualitatively or quantitatively differthat the rapid maturation and integration of the transcript databases and the application of new technoent from those proposed on chromosomes 6p and 8p.
Likewise, since the linkage evidence maximizes at logies such as the GeneChip 30 will have a tremendous impact. Hopefully these developments will eventually different diagnostic categories (chromosome 6 maximizes at D1-D8, chromosome 8 at D1-D8 and D1-D9 and allow us to move from linked region through disequilibrium studies and testing of positional candidate chromosome 5 at D1-D2), it is possible that the locus in the 5q region conveys risk to a narrower spectrum genes rapidly enough to render unproductive discussions of linkage 'significance' unnecessary. of disorders. Other explanations are possible, however, and it is not warranted to conclude that these observations necessarily reflect the underlying biology. The Methods hypothesis that the mechanism of action and phenotypic consequences are different for the putative chroPedigree ascertainment As detailed elsewhere, 29 the Irish Study of High Denmosome 5 locus will be much more amenable to testing once the gene sequences are in hand.
sity Schizophrenia Families (ISHDSF) is a collaborative project between the Medical College of Virginia, the We are not confident that individual schizophrenia linkage studies will ever produce definitively 'signifiHealth Research Board, Dublin, and The Queen's University, Belfast. The linkage sample contained 1408 cant' statistical results. Presumably this is due to small sample sizes, genetic heterogeneity, and that the mode individuals from 265 systematically ascertained multiplex schizophrenia pedigrees collected in Ireland and of inheritance is difficult to analyze properly with our current methods. The most critical question in evaluatNorthern Ireland. Our entry 'field' criteria were: two or more first, second or third-degree relatives who, ing new linkages in complex traits is whether the findings are spurious (ie, false positives) or whether the according to the field psychiatrists, met DSM-III-R criteria for schizophrenia 31 or Poor Outcome Schizoaffecdata reflect the existence of a vulnerability locus in the region. Our ability, using statistics alone, to assess the tive Disorder (PO-SAD). 32 No exclusion criteria were used, so pedigrees were screened neither for bilineal relative probability of these two alternatives is, unfortunately, quite limited. Statistical theory holds that the descent of schizophrenia spectrum illness, nor for the presence of other forms of psychopathology, such as probability that a finding is true is a reflection of the prior probability of linkage in a region and the level bipolar illness. However, the rates of affective illness in relatives from the ISHDSF were not increased above of significance obtained. Uncertainty surrounds both of these phenomena, both in general and in this particular that found in the relatives of unselected schizophrenia probands from a case registry. 33 For inclusion into the case. The impetus to concentrate on chromosome 5q resulted both from our initial positive results during linkage sample, each pedigree had to have two or more first, second or third-degree relatives with a diagnosis our genome scan with marker D5S818 and from the preliminary findings by Wildenauer. 22 Thus, it is of D1-D5 (see below), one or more of whom had a D1-D2 diagnosis. 98.6% of cases diagnosed with schizoambiguous whether the prior probability of linkage in this region should be considered increased from whatphrenia or schizoaffective disorder had psychiatric records. ever the baseline is for schizophrenia linkage studies. While the maximal level of statistical significance obtained (LOD of 3.35, P = 0.0002) is notable, this nom-
Diagnostic assessment
The diagnostic instruments included the Structured inal P value should be adjusted, or 'discounted' by the number of genetic and phenotypic models tested. HowInterview for DSM-III-R Diagnosis (SCID) 34 for selected Axis I disorders (psychosis, major depression, mania, ever, the tests are partially correlated, and in the absence of a defensible understanding of how to cyclothymia, dysthymia, alcohol abuse/dependence, panic disorder and generalized anxiety disorder) and accomplish the correction, we do not attempt it. Using the statistical criteria recently proposed by Lander 
